The chemical composition of acid deposition shows that ammonium and chloride concentrations as the indicators of forest fires were higher than sulfate and nitrate in Sumatera areas such as Medan, Lampung, Palembang, and Kototabang. Chloride had higher concentration than sodium (Na + sea originated) with the ratio value of Cl − /Na + > 1.16 found in Medan and Palembang. Ionic compositions from the lowest to the highest concentration in Kototabang were H
Introduction
Frequent forest fires and increasing consumption of fossil fuel as a result of population growth in Sumatera, Indonesia, have led to air quality degradation as well as acid rain occurrence. Rainwater chemical composition analyses can answer environmental problems occurring from the air quality condition. The values vary from one to other locations because of local influence. If the emission source is affected by anthropogenic activities, rainwater will become acid because of the impact of acid gases SO 2 and NO 2 and also base gas NH 3 [1] . In microscale or local scale, air pollution will just affect local air quality within a relatively limited area, for example, air pollution generated by dust. On the other hand in mesoscale or regional scale, air pollution affects larger area such as rain [2] and the pollutants are relatively persistent in the atmosphere and can be transported simultaneously with air mass to long distance [3] .
Urban transportation is a potential source of emissions, such as gaseous SO 2 , NO , CO, CO 2 , CH 4 , NMHC, and O 3 , a product of the photochemical process, and also particles.
Active volcanoes are sources of sulfuric gases such as H 2 S and SO 2 and also HCl and HF that can affect surrounding areas. SO 2 , NO 2 , and particulate aerosol are abundant products of forest and land fires in Sumatera such as North Sumatera, Riau, Jambi, and South Sumatera. These gases together with particulate aerosols will be removed from the atmosphere through the wet deposition that can lead to acid rain. The wet deposition is a washing process where pollutants (gases and particles) are absorbed by rain components (water drops, ice particles) and precipitated to the surface during rain. This process consists of cloud drops formation by pollutant through washout and raindrops formation through rainout. The washout is a pollutant cleaning process inside the clouds through the condensation of nuclei formation that will finally become raindrops. The rainout is a pollutant cleaning process through dissolving pollutant particles by rainwater or snow [4] . Wet deposition consists of 75% washout and 25% rainout [4, 5] .
Gases emitted by urban transportation and industries and also volcanoes around the western coast of Sumatera will give mesoscale impact to rainwater chemical components in 2 International Journal of Atmospheric Sciences surrounding areas. The wind will disperse the clouds and the pollutant to every direction. The highest increase parameter in Europe is sulfate; meanwhile in China it is nitrate. Transboundary pollutant also occurred in Japan in [2003] [2004] [2005] , resulting in the increase of the concentration of sulfate (SO 4 2− ) originated from Asia and passed through the long distant above the East Asian Pacific rim [6] . In Tirupati, India, there were high correlations between Ca 2+ (calcium) and SO 4 2− (sulfate) and between Ca 2+ and NO 3 − with correlation coefficients ( ) of 0.92 and 0.90, respectively [7] . Strong correlations were also found between Mg 2+ (magnesium) and SO 4 2− (sulfate) and between Mg 2+ and NO 3 − with = 0.83 and 0.77, respectively. The fact showed that rainwater ions compositions were influenced more strongly by terrestrial sources [7] than anthropogenic and sea sources. A study by Budiwati et al. [8] showed that air quality in Pontianak city was degraded as a result of the forest fire in West Kalimantan in 2006. It also led to rainwater pH decrease at the end of 2006 until the beginning of 2007. During September to December 2006, the average pH value was 5.51 (5.36-5.62), and during January to July 2007, the average pH value was 5.11 (4.78-5.85 ).
Sumatera regions are divided into the geographic and agroecological map as described by Scholz [9] (Figure 1 ). Bukit Barisan mountains lie in western part of Sumatera Island, extending from the Northernmost Aceh province to Southernmost Lampung Province. In the east side of Bukit Barisan mountains lie flammable peatland zones. Most of the peat swamp forests are found in eastern lowlands of Sumatera coast. Long dry seasons followed by land clearing for agricultural purposes by burning lead to the frequent forest and land fires in Sumatera every year. North Sumatera is a densely populated region with Medan as its capital city, characterised by heavy transportations among other capital cities in Sumatera. Because acid rain or wet deposition problems were created by air quality degradation in Sumatera as a result of atmospheric pollutants cleaning process, therefore it was important to carry out an assessment of variability and distribution of wet deposition during 2001-2010 in Sumatera. The analysis of rainwater chemical compositions in Sumatera can explain the origin of dominant sources.
Methods
Statistical analysis of pH frequency distribution was carried out to study acid rain events in four different cities in Sumatera, Indonesia, that is, Medan, Kototabang, Lampung, and Palembang ( Figure 2 ). Rainwater chemical data were obtained from the Agency for Meteorology, Climatology and Geophysics (BMKG) during 10 y from 2001 to 2010. The data had been passed through QA/QC according to the World Meteorology Organization (WMO) guidelines. Weekly sampling of rainwaters was carried out according to the WMO guidelines. Anions and cations in rainwater samples were analyzed by using Ion Chromatography (Dionex, type ICS 1600). The pH of rainwater samples was measured by using a pH meter (Thermo 3 star) using glass electrode, standardized with pH 4 and seven reference buffers. Rainwater chemistry [14] 
where is valid concentration of ions for sample ( mol/L). is precipitation amount for the same sample with valid concentration (mm). is the number of rainy days. is volume-weighted mean concentration (monthly).
Concentrations of non-sea salt sulfate (nss-SO 4 2− ) and non-sea salt calcium (nss-Ca 2+ ) were calculated by using (2) and (3), respectively [10, 11] . The concentration unit was in mol/L: (in mol/L), were calculated for their seasonal averages: DJF (December-January-February); MAM (MarchApril-May); JJA (June-July-August); and SON (SeptemberOctober-November). The research objective was to study the factors that influence rainwater chemistry variability: seasons or pollutant sources in Medan (3.62N; 98.62E) as capital city of North Sumatera, Kototabang (0.20S; 100.32E) as remote area in West Sumatera near Bukittinggi, Palembang (3S; 104.7E) as the capital city of South Sumatera, and Lampung (5.24S; 105.17E) as the capital city of Lampung Province in Sumatera. Figure 2 showed wet deposition monitoring locations and high fire risk of forest and land areas in Sumatera. [14, 15] . In 2006 extreme draught occurred due to strong El Nino [16] . Kototabang, a suburb and remote area in Indonesia (with no anthropogenic activity) where Global Atmospheric Watch (GAW) is located, had relatively low rainwater pH value which was below 5.6 in 2010. A region is indicated to have suffered acid rain if its rainwater pH value is found below 5.6 [4] .
The cumulative frequency statistic analysis was carried out to obtain acid rain occurrence percentage with the rainwater pH value below 5.6 ( Figure 4 ). The rainwater pH distribution during 2001-2010 showed that acid rain had occurred in Medan, Kototabang, Lampung, and Palembang with the cumulative frequency of 75.4%, 84.3%, 52.7%, and 58.16%, respectively. Kototabang as a remote area suffered from acid rain during those years. It indicated that dominant influences were acid elements or anions. Likewise, in Medan, a capital city of North Sumatera, the frequent occurrence of acid rain with the high percentage of occurrence was about 75.4%. A big city with high transportation and industrial activities contributed to the relatively large amount of pollutants in the atmosphere such as SO 2 and NO 2 . However in Lampung, where observation point was located in a suburb area Branti, acid rain occurrence percentage was 52.7%, which was relatively lower than Medan and Kototabang. This condition showed that acid and base factors were equal in influencing rainwater acidity. The same condition was also found in Palembang where the acid rain occurrence percentage was 58.16%. Rainwater chemistry was studied to find out which elements are dominating rainwater acidity in Sumatera.
Rainwater Chemical Composition
Characteristics. Rainwater chemical composition characteristics or wet deposition described ammonium and chloride ions, both being the indicators of forest fires influence for the location that was far away from the coast, were higher than sulfate and nitrate ( Figure 5 ). The conditions were found in Medan, Lampung, Palembang, and Kototabang. In areas close to the sea, sea salt is a major contributor to sodium and chloride deposition, and the molar Na + /Cl − ratio in precipitation is typically that of sea salt, namely, 0.86 [17] . Chloride ion (Cl − ) was indicated as sea originated if the ratio value of Na + /Cl − was above 0.86 for coastal regions. However, sodium to chloride molar ratios measured along the entire profile (Cl − /Na + mean value = 1.137, = 0.008) is very close to the bulk sea water value of 1.16 [17] . Average, Cl − /Na + ratio was very close to sea water value (1.16) indicating that Cl − was completely contributed by marine sources [18] . [19] found that Na + /Cl − value was 0.81 for = 57 samples, Grundahl 0.82 [20] , and Brewer 0.86 [21] . Nevertheless, Medan and Palembang had ratio value less than 0.86. Lampung and Kototabang had Cl − value almost similar to Na + although they were located further from the sea. Concentration ( mol/L) 0  10  20  30  40  50  60  70  80  90  100  110  120  130  140  150  160  170 Concentration ( mol/L) Therefore, forest fires influence was observed in those two regions.
Ions composition from high to low concentrations for Medan was Cl Figure 5 ). The concentration levels classification showed that Cl − and NH 4 + were higher than NO 3 − and nss-SO 4 2− in Medan, Lampung, Palembang, and Kototabang that indicated the influence of forest fires frequently occurred in Sumatera. Biomass burning released aerosol and also abundant gaseous NO , SO 2 , CH 3 Cl, and CH 3 Br to the atmosphere [22] .
Air pollution dispersion depends on meteorology condition of its environment from one area to another because of the different source of activities. This behavior is potential to cause transboundary pollutant. Biomass burning produces fine and coarse particles, gases, and black carbon (BC) to the air. A study by Hooper [23] showed that particulate compositions in Kototabang from April 1996 to August 1999 contained high concentration of black carbon in their coarse and fine particles of 660 ng/m 3 and 148 ng/m 3 , respectively. Black carbon and potassium in fine particles were both biomass burning indicators that lead to high carbon concentration [23, 24] . The fine particles in Kototabang had high concentrations of potassium (K) and black carbon for about 55 ng/m 3 and 660 ng/m 3 , respectively. The relatively high concentrations of Na + , Cl − , and Ca 2+ were also found:
97 ng/m 3 , 59 ng/m 3 , and 33 ng/m 3 , respectively. Sulfur concentration in fine particles was also relatively high, for about 210 ng/m 3 . The highest concentrations of other elements were contained in fine and coarse particles [23] .
Particle compositions had a high concentration of sulfur, Na, Cl, and Ca after black carbon and K [23] . Therefore, those elements influenced the wet deposition in Kototabang or other areas. Rainwater chemistry characteristic in Kototabang showed a high concentration of Na + , Cl − , Ca 2+ , and K + although it was still below a concentration of NH 4 + . The high concentrations of Na + and Cl − in Kototabang were originated from particulate components produced by biomass burning or Cl − from volcanic gaseous HCl near to the monitoring location. They were supported by the fact that Kototabang was a remote area in a highland near Bukittinggi, but it was far away from sea mineral influence. This characteristic pattern was also found in Palembang and Lampung. The rainwater chemical characteristic similarity was also found in Medan and Lampung, although the contents of nitrate and sulfate were higher for Medan and Lampung. Medan is a capital city of North Sumatera Province, where high traffic and industries numbers were observed. Moreover, Lampung is situated on a very busy Trans-Sumatera highway. Therefore anthropogenic impact showed a high concentration of sulfate and nitrate, especially in Medan and Lampung. Particle or particulate sulfur was produced by the conversion of SO 2 to sulfate through the oxidation process, and it was homogenous. Only half of particulate sulfate was originated from a local source as there was no adequate time to convert into another form of compounds. Gas turned into fine particle would disperse far away from its source. Sulfur contained in fine particles could lead to transboundary pollutant issue depending on major source locations [25] . Based on analysis results of particulate samples during sampling by filter pack from September 21, 2012, to September 28, 2012, in Kototabang (Figure 6(a) ), it was found that NH 4 + contents were the highest and then followed by SO 4 2− : Na + , K + , and Mg 2+ in descending order. This condition was appropriate with high sulfur content in fine particles according to Hooper [23] . High concentrations of NH 4 + and gaseous NH 3 ( Figure 6(b) ) had contributed to ammonium contained in rainwater chemistry in Kototabang ( Figure 5 ). Besides high concentration of gaseous NH 3 , it was also found that gaseous HCl concentration was higher than HNO 3 and SO 2 . Kototabang is located at an altitude of 864 m above sea level and was close to the small forest and active volcano named Marapi. Removal of NH 3 by cloud drop increased pH and "washout" of SO 2 to form (NH 4 ) 2 SO 4 [26] . (Figure 8(a) ). The ratio of deposition of NO 3 − /(NH 4 + +NO 3 − ) was plotted with NH 4 + deposition to assess the relationships between the deposition of NO 3 − and NH 4 + (Figure 8(b) ).
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Air Mass Trajectories. HYSPLIT (Hybrid Single Particle
Lagrangian Integrated Trajectory) model had been carried out to get air mass trajectories. We used a web based system called READY (real-time environmental applications and display) system developed by the Air Resources Laboratory (ARL) [27] . READY is also used to run trajectory (for multiple source locations or one source location) and dispersion model assessment and display for meteorological data [18, 28] . The HYSPLIT is the most widely used model and particulate matter is the kind of pollutant most frequently investigated. Backward trajectories of HYSPLIT are the most commonly calculated type [29] .
HYSPLIT trajectory model with normal trajectory type was run to indicate a source of fire haze and smoke affecting air quality in Kototabang. Six examples of back trajectories within 500 m, 300 m, and 100 m heights during dry and wet seasons showed particles arriving in Kototabang during forest and land fires events ( Figure 9 ). Based on the back trajectories (Figures 9(a) and 9(b) ) the origin of air mass was from the southern part of Sumatera, that is, Jambi Province and Riau Province, respectively. The particles arrived in sampling location in Kototabang in 1-2 days. Image of fire and smoke in Sumatera can be seen in a website of Earth Observatory-NASA [31] . During February and March 2005 there were large forest and land fires releasing a large amount of smoke and haze to the atmosphere. Fires burning across the island of Sumatera produced a significant amount of pollutants in February 2005. Because carbon monoxide is the product of incomplete combustion of biomass burning therefore the gas is a good tracer of fire-induced pollution [31] . The highest concentrations of carbon monoxide at an altitude of roughly 3 kilometers (700 millibar) in the atmosphere over Kototabang was 168.75 ppbv [31] .
Forest and land fires frequently occur during January, February, and March in the north of the equator such as in Thailand, Cambodia, and Vietnam. On the contrary, in the south of the equator such as Indonesia dry season occurs in August, September, and October when many forests and land fires occur. Regions in Indonesia where frequent forest and land fires take place were southern part of Sumatera such as Jambi Province, South Sumatera Province (Palembang), Lampung Province (Lampung), and Kalimantan [30] . During 
Conclusion
It was proved that there was already transboundary pollutant from forest fire location to remote area (Kototabang). Effect of forest fires can be seen from the high ammonia content compared with the nitrates. It was indicated by a high concentration of ammonium and often occurs with a frequency value of the ratio of NO 3 − /(NH 4 + + NO 3 − ) < 0.5 being 74% of annual mean of 34 pieces of data. Chloride was more dominant than sodium (Na + originated from the sea) with frequency value of deposition ratio Cl − /Na + being in the range of 0.25-2.65. Forest fire sources in Sumatera (Jambi Province, Riau Province, North Sumatera Province, and South Sumatera Province) had influenced acid deposition. Gaseous NH 3 or NO 2 and SO 2 as the product of biomass burning contributed to acid deposition in Sumatera. Acid rain with pH < 5.6 (pH = 5.6 was a limit to acid rain) had already occurred in Medan, Kototabang, Lampung, and Palembang with the percentage of 75.4%, 84.3%, 52.7%, and 58.16%, respectively, from total rain events during 2001-2010.
